medications. At the 6-month and 4-year follow-up examination, the patient was found to be neurologically intact and results of control angiography revealed complete recanalization of the thrombosed venous drainage system. The patient was instructed to continue his regimen of antiaggregation and antiepilepsy medications.
Review of Radiographic Findings
The patient first underwent angiography in 1988. On injection of the right CA, the angiogram revealed during the arterial phase an early appearing vein draining dilated medullary veins that formed a caput medusae ( Fig. 1 upper) . The image was diagnostic of a DVA in the basal ganglia that was associated with an AV shunt. During the venous phase several anomalies of the superficial venous system were evident (Fig. 1 lower) . The superficial middle cerebral vein was absent and the cortical veins converged into a dilated temporal venous channel that drained into the right transverse sinus. Moreover, in the posterior temporal lobe region, dilated medullary veins formed a second caput medusae, corresponding to a second DVA.
In 1995, a nonenhanced CT scan revealed a round hyperdense area on the surface of the right temporal lobe, which was indicative of intraluminal thrombus ( Fig. 2  upper left) . Diffuse subarachnoid blood was present in the right basal cisterns (data not shown). On injection of the right CA, results of four-vessel angiography revealed the persistence during the late arterial phase (Fig. 2 upper  right) of the basal ganglionic DVA as it drained toward a midline tentorial sinus. During the normal venous phase (Fig. 2 lower left) , the second caput medusae was visible as it drained near the communication site between the superficial and deep venous drainage systems. Compared with the angiograms obtained in 1988, there were marked changes in the superficial venous drainage of the right hemisphere. There was a lack of opacification of the main draining vein, which extended from its origin at the converging point of the cortical veins to the point at which it connected with the deep venous drainage system. The deep venous outflow was dilated and partly drained through the distal portion of the superficial system by the veins' connection on the basal surface of the temporal lobe, as demonstrated by the filling of the distal portion of the superficial venous channel despite the proximal thrombosis. Gadolinium-enhanced T 1 -weighted MR images demonstrated a lack of opacification of the superficial effluent, which could be observed up to the communication site between the two systems ( Fig. 2 lower right) . No other associated vascular anomalies were visible.
In 1996, four-vessel angiograms revealed complete recanalization of the superficial venous drainage system and unchanged hemodynamic characteristics of the DVA. Lateral views (data not shown) were identical to the ones displayed in Fig. 1 . Cerebral MR images (Fig. 3 left) confirmed good canalization of the two draining systems. The dilated basal ganglionic medullary veins and the abnormal main superficial draining vein are demonstrated in Fig. 3 center. An angiogram (Fig. 3 right) obtained in 1999 confirmed the patency and superficial location of the thrombosed venous channel.
Discussion

Pathogenesis of DVAs
The congenital origin of DVAs has long been accepted and their previous designation, "venous angioma," has gradually been abandoned to avoid confusion with a proliferative process.
14 It has been postulated that DVAs represent a venous dysmorphism that involves a whole region of the brain and is caused by an erroneous genetic signal that occurs between the 45th and the 90th day of gestation. 1 In a recent review of the literature on the formation of cerebral veins, 21 four successive cerebral venous patterns have been described. As each one becomes occluded, a new one forms. In the final stage, extensive reabsorption of superficial veins takes place with persistence of a few major effluents. If a failure occurs in this compensatory surface-vein occlusion process or if a superficial venous channel thromboses, the deep coalescing network dilates, forming a caput medusae, and induces the formation of an abnormal draining vein that arises from the depths of the white matter.
Thrombosis Within a DVA
Only recently has thrombosis been reported as a potential complication of a DVA. Although it is well known that DVAs drain normal brain and that surgical occlusion of the abnormal vein may result in massive venous infarction of the drained parenchyma, 3, 29 it was only in 1986 that spontaneous thrombosis of a draining vein was first suspected and documented. 4 Since then, 10 cases, including the present one, have been reported in the literature (Table  1) . 6, 10, 12, 13, 15, 17, 30 All reported cases of thrombosis within a DVA have been symptomatic, with no incidental finding and no coagulation disorder discovered during the workup. The age of patients with this complication, including that of the patient in our case, has ranged between 13 and 56 years old; outcome was good in eight cases, fatal in one case, and persistent disability in another. In none of the previous cases was an associated AV shunt reported.
Our patient presented with a diffuse developmental anomalous collection of veins in the right hemisphere including two distinct DVAs, one of which was associated with an AV shunt. The deep venous drainage system provided by the DVA and the superficial draining system communicated with each other at the inferior surface of the temporal lobe; this was demonstrated on angiogram and MR images (Figs. 2 and 3 ). Because this venous communication connected two vascular draining systems with different circulation times (due to the presence of the AV shunt), we hypothesize that turbulent flow was present at the junction of the two drainage systems and that relative blood stagnation was present in the slower superficial system. Hemodynamic stress or turbulent flow may have been the source of the thrombus formation that subsequently propagated in the direction of the slower flow, thus obstructing the superficial draining system proximal to the communication. The connection between the two draining systems was the feature that prevented a devastating venous infarction of the right hemisphere by allowing the suddenly engorged deep venous system to drain both through its normal pathway and through the superficial pathway distal to the thrombosis.
Developmental Venous Anomaly Associated With AV Shunt
The association between a DVA and an AV shunt has already been reported in the neurosurgical and neuroradiological literature. 1, 2, 5, 7, 9, 11, [18] [19] [20] [23] [24] [25] [26] [27] [28] [29] [31] [32] [33] A particularly detailed analysis of the angiographic characteristics of these lesions has been provided by Mullan and colleagues. 20 In all their patients there was an abnormality of the surface venous drainage system (most frequently, an absence of filling of the middle cerebral vein), the classic star cluster of DVAs, and a fistula. In their description, those lesions were called AVMs, not DVAs. These authors have asserted that AVMs and DVAs have a common origin related to a defective formation of the venous mantel, their sole dif- ference being the presence of a fistula in AVMs as opposed to DVAs. The role of thrombosis in a DVA would be to induce fistulization, as occurs in dural sinus thrombosis and development of dural fistulae. Although fistulized DVAs are not always explicitly called AVMs, several authors 1,2,9,11,22 believe that such lesions are at greater risk to develop complications than classic DVAs, and that their natural history resembles that of classic AVMs. The implication of DVAs in the development of AVMs has also been indicated by Nussbaum and associates, 22 based on an observation of de novo development of several AVMs close to and draining into a large DVA.
Conclusions
This challenging case illustrates the potential complexity of DVAs. Despite the general opinion that DVAs are benign lesions, an increasing number of reports have demonstrated their potential complications. The simultaneous coexistence of a DVA, an AV shunt, and thrombosis has not previously been documented. Findings in our case support the theory that DVAs with AV shunts should not be considered a simple variant of venous angioma, but rather a particular type of AVM.
